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(54) OFDM SIGNAL DEMODULATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an OFDM signal demodulating 
device which can perform an effective soft decision decoding operation 
by making every carrier obtained by an FFT circuit equalize the 
amplitude and phase of the complex data based on a reference symbol 
obtained by a reference symbol estimating circuit and using the said 
reference symbol as the reliability information on the soft decision 
decoding operation. 

SOLUTION: An OFDM receiving signal 10 undergoes FFT via an FFT 
circuit 1 1 and the complex data on every carrier are obtained. A pilot 
symbol extracting circuit 12 extracts the complex data equivalent to the 
position of a pilot symbol included in a frame constitution from the 
complex data obtained by the circuit 1 1 . A demodulated data equalizing 
circuit 14 corrects the transmission line characteristic of the complex 
data on every carrier obtained by the circuit 1 1 based on a reference 
symbol that is obtained by a reference symbol estimating circuit 13. 
Thus, the corrected complex data are obtained and then demapped by a 
demapping circuit 15 to obtain the soft decision data. 
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4$BS20Q0-I3353 



m^m. 2 ] sffie^e*? ^ ^ : Mia^siT^-^'^^b 
V i t ^nmii-r^mi^m 2 ib«oo f d umw^^m 

Bo 

P-y h>'>7}^;i'tt{±i[HlgSlCJ:oTiS{il$nfc/1'rP'y h 

m^ms] oFDMm^*«is-rsoFDM«^« 

«^«fC*5ViT, ^mmmi)^ : S(iOFDMffi^*^^& 
J«jii60«3il7'-3i'S:f#-5 F F TlHlSSi : #e.nfc«j^ 

T^— 3'75^?):7l/— Ai^figcD^-fe/l-r P«y h'»^)l'0:>& 

1 »c«^{bL;inT-HflfeF FTi5i8s<Dm:/3i®^7'-iS'^ 



m^m 6 ] mm^f-^ z^^jmm^titco f dm«# 
^«is-rsoFDMaiaigsji:fetiT. mmmma^:^ 
moFDumnf}^iE>^mmm<nmmy'-:S'^n^FFT 

<iSr 1 JcS*S{k-rs-»jHJPS"l@M*&fl:lHiKt : t(rf2F 

FT|pI8§*3j;0:tfrsB«t&<tliISSMm*<©m:^«^SrfflVi 
T«^x-^ ^£MWi«llir t L , 

[^m(Dmmri.mm} 

[0 0 0 1] 

[^I^OS-rSfife^R^^] ^®5!aj«, OFDM(Ortho 
gonal Frequency Division Multiplexing : ifi^SJ^jfe^ 

[0 0 0 2] 

mm<Dim] oFDMft^^§mLtt^-r^«^. i 

6 QAM (Quadrature Amplitude Modulation) -^6 4Q 

m 3 JC^T ct 3 fC O F D MS«m^ 3 0 ONf Wife ^ F 
FT(Fast Fourier Trans form) lelgS 3 1 Sr'^T^&jiSMjS 

tttiiiHiiiss 2ii^z^^mmm<Dmm'^>^jv^mM-r?> 
mm -»5j^;nt^iHi8s 3 3^if\- LTJ^tbfzm^&mmm 
x-iS' (#R8x-^') *»2jitc, ^mm&mizm.my'- 
^^m<fr^mmy'-:^mim^3 4\z:^\,^xmitr^ 
ziii\z^^TWsm(D^my'-^'^miEL. n^ntzmm 

^5^-3' 3 6 4^, ^nse^^ifm^gg (0^$n-r) 

fzo fi^—mtl^Xl 6QAM(Dm-^(DUm^r^m'^^ 
5 fCi^To 

[0 0 0 3] *fcDQPSK(Differential Quarternar 

y Phase Shift Keying) fj.ii(D^mm.^J^<D^'{ i^i' )U 

^ii:^rffi{c*5t,iT«. m4\z^-rj:^izm3tmmiz. 

OFDMS<im^4 0<DBtFBljSJ^i£rFFTlHlSS4 1 
4 2T*«6fc&fi8MjS®B3>'>#JI/<*:St!j'«iSlEi¥g4 3 
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[0 0 0 4] 

o F Dum^(D^mmil&(Dmm^^^mmysi^T< 
m^mm^^^me (b) tc^r. ^(omrSinm^^ 

yh*mCt^. o^OI?!ira±Tb*y h*^0-r*^«^ 

K) . mmmrmn^u^ 5 ^ i f)^x- ^m^^tz, 
[0 0 0 5] r^i6^Q\t.BM^<Dmmwm'&^^tm-^ 

(a) \tm^ffits.\>^m^> (b) ttv;i/5^/1XWS*«* 

[0 0 0 6] :^mm±M<Dmm^m^-r^fz.tb. qa 

[0 0 0 7] 

[gss^/g^-rsfciix©^®] zLn<hmm^m^t^tz 

QAM?^fC35^;&^§OFDM{t^S:«i|-r -5*5!?^^ 
l(Z)OFDM«^«PgB«, SMSB:*^' : OFDMW 
^^«P-r-&OFDM«^«P^Bfc:*5<.iT. ^M^M 
*t : §«OFDM«#d^e,&J83liS®1«lg7'-^'€r#S 

FFTiHiKst -.m^ixim.m'f—^ti^ibyu-M.m^o) 

n-y h-»4?;U5&^&&ig2l«?©lgi|ifi[ffiaifl<i:;5:-5# 

m:xm^ ^witmm -> y^-)vm^m'^ j; o xtt n 

[0 0 0 8] Si^c, QAM^»C*>*^.50FDM«^S:a 

: 0FDM^t^^£fflia-rS0FDM«^SIS^e»C*3 
t^T, agSe*^ : SfflOFDMfs^*^e,#Mii&©« 



^x— 3'*fi-5FF Tings t ; %<E>titMm'f—ifiy^ib 

^lHl?S<h : BUI2FFT[Hl?StCcfc-pTf#e.nfc:&J®j||&(7) 
nM^—^ SriMMv' >:!l^ Jki^.'v -> >7p;i/fiJS-r S > JJ^ 

it L ;inTH(F8B F F T|pIiSS©ttS:^S^X-5' ^rSiET S 

nfc z. ii i-r-g) few-cafe^. 

[0 0 0 9] ^^IC^fcHHix^' v:S';P^litC75^*^^0 
F DMfi#S-«l)i-rS*^l^m 3 ®0 F DMM^^PI^ 

««> : SftO F D Mfi^*^ S &Mil?Sc©1t 

^ 1 1 ->>3l^;PiaM[HlSSt ; SffiS 

[0 0 10] 

1 0«OFDM<7)§mfS^T*D, XOJ;5;a:iftJg 
®OFDMm^75?A:^$n^, T/n.y^'S^ll «OF 
DMS«m^S-«Pf ^fc*COFFTlHl?STfe-l)o :?'D 

S^l 3tti?l«l[$nTJfA^nTt^SA°'f n-y K->>7j^ 
>jJ^;KCioTFFT(5|!fSl l*^e.f#enfc&JSiMzfi« 
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T&s. zfuyi^mm 6{i#Ba->>Ji^jnt^ifiissi 3 
[0011] Mzm 1 frti£oT*^Bj^ 1 <DmmM<Dm 

i^^Wimr^o S-rOFDM§ffi«^l OSrFFTIUSS 
1 HC«toTFFTL&ajjizg^O«sgx-i5'^t#-5. F 
FTlHl^l l{CJ;oT»^nfctt^5^-5'75^e)/H'D>;/ 

07 (b) ©:7u-A;^j«©«^tt, mm:^\^izmmm 

QAM^6 4QAM;^j;t*©QAM?S^ii:6rfefC*5liT 
#ffg->>#;Pit^IiFSSl 3 fCfcViTESS 1 2-Ctttt5$n 
[0 0 12] 0IJ;1«. 07 (a) <D^'5UyU-Am0Si 

i&:)&|pitc«. s«$n;fc/wp y h-»7t?;KDffi*F i 

R (Finite Impulse Response : fl'BK Wt;i/Xl£;^) :7 

^•;l/^'—;i^ti:<DLPF (Low Pass Filter) ICd;oT7'C 
JUiS"J > ;i t J; o P -y h -> >^-Jli)mm 

:^muiif)^$>^o ^fz. m? (b) ot^u—a^^bkcoj© 

(Dm^mLX^^^o 
[0 0 1 31 0 6 (a) \tm^i)if3.\,^m-^(DMXhO, 



mmLtzJUoy \"»7fiMzj:^xm^itLx\^^^rz 

sbmmtix&^o 06 (b) tt, 

\^^mmm^&^m^ti$>^o z.<Dj;:otmm^x'^m^ 

[0 0 14] 'A\Z. iHlgSl 4fC:feViTtt. FFTlHlilSl 

1 lcJ:oTt#^.n/::§JKjliS©1S*5^-^<&lHi?Sl 3 »C 

(oso^fl:) «iE«®«3iix-jS' (5^>7i?;i.) ^ 

^S. iSB®=¥^UT®1«i^x-^'S- (Xdi, Yd 

i) ii^-rzii\z-r^o %<bnrzmm^—^^y'^y\f. 

> icings 1 StCjzoTx-^yt^^iJfLDcW^T'-^^ff 

5 \z7^-r^ o tm^^mmtti.^. m 5 <z)^$sitt 

£>>/l^;l/Sra5?+ATS^L, A'f P-y h-»#;l'S:ll3tL 
T*LTt^«. 16QAMCD«^. 5='v'5';i'fi^«2* 
= 1 6fB©>'>/}^;l/TeM$n-5» tf-yh^bO, b 

1, b2, b3T^ft. 1 ->>7l^;HS (b 0, bl, 
b2, b3) i^$n-5. i^cii, Z:;i-CttbO, b2*^* 
I x-^'fC^tf&L, bl. b3*«Q5^— ^'JC*t*£;LTVi 
So mSSl 4tcJ;Df#e.rifc1«*x-5'CDl|gB^ I X- 

[0 0 15] x-T<y e>^Il?Sl 5JcJ:SxV-;tf>y 

«^^0 8(::^T= 08cD^W«> 0 5<DlfflfcJ;iKQ 
W^r^-r, 08 (a) \Z^\^^X. ^ ->>5l^;KO I $tt 
7^-^^ (bO. b2) , QWx-:^'^ (bl, b3) 
t«-rt Qttx-^'tfc (1. 0) tt- 

3, (1, 1) «-l. (0, 1) «1, (0, 0) « 
3ifj:2). (bO, b2) ii^XSQm'f- 

^® (bl, bS) ®#tfy hS^J-ttX^t^St, 7^- 
^'>'>zl?;i/*^- acDt^, bO. blttlTb2, b3 
ttO. 5='-^->>#JUd^'- 1 Ot^b 0, bl«lTb 

2, b3«l, y'—'5>i^>^-)Vti^\<DiL^hO. b 1 { J 
0T'b2, b3«l. x-^'J'>7K;U3&«3®t*b 0. 
bl«0Tb2, b3tt0t;a:S. 08 (b) coSS|ft« 

SbO. S/ittb l(Di)(!iaMm:'3T-a&0. 08 (c) it 
mmiz b 2 , *}fctt b 3 <Di^*iJ^tli*-l?fe-5, 

[0 0 16] IhI?S 1 4*^^>^€>nyh I 7^-^. Qx— 
«3lgc (ll^©(H]i?ST«8 f-y h/ii'Jca^^b^n;^ 
fit) TfeD, 08 (b) &a:08 (c) tcJ;oTl7^- 
Qx-4'tC*fiSrxf -5 b 0, bl. b2. h3<D^Pl 
^y"-^ «sj;^«0~ 1 ©H^, Jl^lCtt3*^6 

4i:-yh\zmTit^nrzm) (?m*ij^cd«'&«o 

S/i«l(Dffl) .08 (b) &aJ08 (c) «)*|-&. ^ 
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1. 0Ta&-&. mm±-^o Li-cmu^m^. S8<©^j 

m^'-^t)^ (I. Q) = (0. 6, 1. 2) t>: 
*iMt^— (bO, bl. b2, b3) = (0. 2, 
0. 0, 1. 0, 0. 9) tU^o c:«fit*^lHl8Sl 7 f:: 
ai$n-5. lHlgSl6T«> iHlBSl 3{Cj;oT«l3t$n/i 

tCcfcS««S (Rp i) Oth^;^&<i:LxT«, ^tRMSt 
\zmm-ri>0m'^>^-)l (Xiref, Yiref) ®ig4@*{ilg 

Rp i tLT. 

Rpi = 

[0 0 17] mm'>>^-}v-(Dmmm^-^i-ftnt. torn 

■pT#?.nfc«>:fij^x-i$'tft«g^fhPiHissi ej'io 

^(Dmmm^mmmmiEm^i 7\z^':>xmiE-r^o m 
8S 1 6 \z^z>xn^nrzmm^^\f^t^\tmmmmi'^ 

©TT. i>C#iJ^x-^<i:LT«OS;t«lTab^flt*^^>L 
$*^<BViClt€rlci*T^o ■r>St9 0. 5 tcjao'lt^'^^ 
-C*-g)i:#;l^n-5. J;^T, «««ffiIElil8S 1 7 ©ff 

#e>nfcffld^^.o. 5?£^i#, ffi|gstf^(Hi?§i etcct 

bion=(biin -0. 5)xRpi +0.5 n=0. 1,2, 3 (16Q 
AM<D«^) 

CCIT, biontt i#@coJSitiST. n#S«)f<;/ h©1f 

Otr-y h««iEmf«Z)iiC*iJ^7^-^', Rp i « i #1C04^ 

■^-UTOdffig-efe^o »IE[Hl?Sl 7(Cj;oTaiE$n 

[0 0 18] mmi^y^-jim^^^i 3«, ^^js^jt 

fidW/t-f D .y h -> y^JUXmrnt U7a:<T'bJ:^ib, 
[0 0 19] ft^fiSfl-^lHlK 1 6tt, *^J6«»IT«, S 



!s 1 3 x^mmm<DS:m'»-!f-)i=s:±mmimr^:^\Pnz 
[0 0 2 03 {ffB^fi-^iHiss 1 Giz^^xmmmRp i 

«-*i>e)-g)IS, #S8-»jJ<;PJt5£lHl!Sl 3tlJ:oT#6n 
fc#^-»4?Jl/i:/t-r D.y h->>jJ^JHftmiiISS»c:J;oT 

ff^.tlAc/l-f n -y h zy>if.)\.t(Dm (=L-i7 "J -y 

wimm<Dmm.mz^i,^xit. mmmRp i^oizLxt, 

[002 1] QAMJR<D5^^ >?5'JW^ia:^}£{c:^'5*^ 
HJO F DM^S^^iiSIB^ 2 <D||«S0lJ«|^:^P -y 
<£012tC^-r= SI x-7-ytf>^ 
lelSSl 5*t->>;<}^;ut)j^[e]gsi 2 5 fCf^t?ofcc: « 
Wx-^'1«IEIiF8S 1 2 7*>*igi)n^n;'tCli:, i^>r^Jl^ 

mmmi 2 6*«iijD$nfc:i<i:, #jiR3iis©m«a[w-# 

iHlggl 2 9(D(*I^7!>t^M$nfc^<h. #f-y hCDmiBS 
«lElHlgSi 7 *i««^#iai5ig§ 1 2 8tc:at)ofcci-zr 
*-5o #ge^fC^tiT, la 1 2 fcao*#ftf^SriJi?q-r 

[0 0 2 2] m.my'-iS'mtm^i 2 4X'm^t^nfzm 

(Xd i. Yd i) \ti^>^)VPm^^l 2 5 

[^11 

^dl.Ydl) 

i:T^o mfi, 1 6 QAM®«^. 
[^1-2) 

Xdi, ?di 

-3, -1, 1. 3®5^01t5®M€:i:-5, 
jJ^JP^g^lHlSS 1 2 6«. iHlSSl 2 5*^5.(^^^7^-i5'$r 
#^-»3l^;Wift^lilgSl 2 3«CctoT#e.tlfcejti^<D 
Itt^ttJCctoT^^-rs. OS 0, SKI 2 5*^?,®1S 

[^31 

^dl.Ydl) 

[^1-4] 

(xdhi.Ydhi) 

[0 0 2 3] tg^x-iS-ffiiElHlgSl 2 7T«lHl8S 
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1 2 3*^^»f,nfe#Si-»3l^;KDlgi|B*l»C«t&^kL 

(fi[ffiit$s«€SJt) mmy'-^^m^o mntzmmy' 
-^^ (xh i. Yh i) <hT^o mmmmwm^i 2 

9T«@!S1 2 ed^e.Clt^x-^'tlElKl 2 7*^^,© 
«5gx-^tCct^T, i»B©j|R2liS0M««Rp i * 
fh^-r^, iSS<Z)JieMiS<3Dffi«SRD i tLTtt, ^ 

[1^2] 

Rpi. 



<i«ifthff (Hiss 1 2 9*^?>#e.nfcfit^[iIiJ§l 2 StCct 

o T -> >7}^;p*ij^$ tifc^ t* -y h (Dmmm t i.^m^^ 
-^^ 1 3 0 t-rso ^®^-^'^t*i5'e«>c*ij^tt-^g§;i 

[0 0 2 4] :;^Jc. ^ifj^rox-c i^^)V^W3m.\z^^^ 

^%mo F D Mm^«p^«^ 3 <Dmmmm^-:fu y c> 
um^^ 2 \z.7F.t> mm^ 2 0 ttSfg^g^T* 0 , / 

i7##2 lttOFDM^aii-r^fcJ60FFTlHlSSTa& 

:/D-y^s^2 2«^©«ii^fTofcJ6. ^mm^ 



(Xiii. .-1 , Yni. t-i ) 



Vex.. .-,)» + (Y.. ... ) 



[0 0 2 6] ClUT, (Xnj Ynj s-i ) fii» 
BCJRSIiftT (s-1) SBWSm>'>7p;i/©iS*i^&l 

\zmm\L\.tzMn^—^ . s_, yj ) «i# 

SCSSitiST (s-1) »acDS:ffi->>7^;i/-ca&'5. 

2liS«1S^5='-i5' (Xj s.i Yj s_i ) ^Ifuy'?^^ 
2 3a)(5I?§{cJ;oT#C.n>t1S^7'-iJ' (Xrij j-l.Y 



(Xd 



I, s 



[^4] 



Ydj s ) dwa^x-^' 



f#?>nfea^x-^' (xdj 



l.S 



Ydj s ) ^^a-yi? 



##2 5(7)5'V>ve>yiHl!S»Cj;oTxVyh!>:^L«iC 

[0 0 2 7] 121 1 1 {C*3l^T«IWtt I $4i3cktXQfft^* 
T. 01 1 (a) JCfet^T. ^>'>JJ^-'K^ I 

(bO) . Qx-^'S^ (bl) tTSt. I x- 
5'. Qx-^tfc (1) ©<t^tt-l. (0) 
lT«)-&, 011 (b) 0<Stt«§«->>jJ^;KZ) I X- 



lHl8S-r*^o ■/P yi7#^2 3«il®$nfcSft->>7j^ 

T^-S. :/o.:/;^S^2 4«FFT|iI?S2 l^&^f,^#^,n 
(ItSSx-^') S:lHlSS2 3*^f,f# 

iiJ-5 ^ t »C J: o TM»>«P?rtf 5 MWmUlHliJS-eS -5. 
::^P«;/^#^2 5ttf#^nita^x-5'S:xVy t?>i/ 

n^m.^m£^<Dmil^m*)inEM^ m^^nr) \z 

[0 0 2 5] ;^{C0 2(Ctill£-:>TC:©^li£0i|®«if^S:iJiBJ 
fS. S-rOFDM©$ft«^2 0*FFTlHl!»2 IfC 
J;oTFFTU#J»SliS[Oa^x-37«:#i>o FFTHI 
gS2 1 fCioTff ?>nfc1S^x-i5'*^^ 1 >'>#;i'ilM 
IHI8S2 2 tCct^^T. #*K)iiS®Sm-»3l^;i'Sr 1 v'^/J^ 
JUilffi^-li:, ESS 2 3 fCioT 1 -»5l?Jl'jlM$-e:fcS 

[^3] 

1 

(X I. • 1, Y I. i-1 ) 



[0 0 2 8] ft/StCQAMJSCDxi- ->*iS'>'l-^ia:^fStC« 

0, ^^.tc-f >^-u-:/|eISS*^*s«-&o*^h^of 

9 {C^To 6 4 QAMni:fC9^M^il::^ffiT«^L'r > 

xV-yt;>ifL^mcDtf-y Sitttl 8tf >y h*v^2 4tf 
h t h'^y hg:*^#< fj:^., -fj. mmy'-^U I x- 

iS'> Qx-^tfc6~8 f>y HSftfiOTl 2 t*'y h*^ 
1 6 k*«y hmmiitt^o JcoT-f >5'-U-::^lHl8Stt 

-^Of-y hlSc«&ilSill2^^^cO 1 6 t*-y htUK>. U 
5fe©-<> ^' - U - y ESS i: l^gffi©««TlliST'# -& 

[0 0 2 9] 01 OJCO^'— u-:;'iHi?ST'<seffl-r-g>R 

AM©1 r?— KS: 1 6 t'-y h <»: L/iJ®-&(Z) 1 "7— KWt* 
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•5. dCD^^JTtt, 1 7- K 1 6 

*^ 1 6 tf^y hS: 8 e-;^ h-T^^JC^i-SiJL. 1 "7— H 8 t 
[0 0 3 01 

[02] m.mik(D'f^^^^)v^mi5ik\zi^^:^?tmmm. 
[0 3 ] Q AM^OT^^r 

[04] m.m^<Dy'^'^^)vm^-^mz%^^^mimm. 

[0 5] 16 Q AM®fi[ffi^PBl0©0'J^:^-r0T*§. 
[061 e2lliS®J^S[IS:#ttT, (a) 

(b) «-v;U5"/1Xj!SSdta5^^^K)^j^^fo 
[071 O-PXyU-yV-KmrnW (a) . «fig0iJ2 

(b) $:^n^ns^T, 

[081 1 6QAM«)«-&©§(S-»3j?;«^i:tf-y hCD|5 

« (a) . 1 6QAM®«-&(D§fi->>3j^;i^tb 0. b 
lCD|>:*iJ^X-^'®*fiES«SJ (b) . 16QAM©«^(D 



(c) <£'7i^-r0T$)-5. 

[0 91 QiKym><r>'r^-y^)v^m-nmz'^.'o. 

[010] RAMroi'7-h*'\<Dlg^7'-5'fiJD^T:)& 

sose^fe^ij (a) (b) ^^-r. 

[01 11 DQPSK<D«^©Sm-»^;Pi:t:*-y 
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